Background: Q fever is an underreported zoonotic disease of cattle and men in most countries of the world. Very little information about the prevalence of Coxiella burnetii infection in animals and humans comes from South and Central America and systematic studies are lacking. Methods: A seroprevalence survey for Q fever amongst cattle, farm workers and students was conducted in Ecuador using a commercial ELISA kit. Results: Survey results showed an unexpectedly high prevalence of Coxiella burnetii antibodies in dairy cattle (43%) and in farm workers (34%). In addition, a clinical case in a human of acute Q fever in the convalescent stage was detected. Conclusion: We conclude that the disease is endemic in Ecuador but is overlooked by medical and laboratory personnel. Q fever should be considered a public health issue in Ecuador and further research into the clinical relevance of this infection is recommended.
Introduction
Q fever caused by Coxiella burnetii is a zoonotic worldwide-distributed infectious disease. Cattle, sheep, and goats are the main reservoirs for the bacterium. Transmission of C. burnetii from animal to animal, or from animal to human, most frequently occurs via inhalation of dust or droplets that contain the microorganisms. 1 The importance of ticks in transmission remains controversial, even though many studies have shown that ticks species can carry C. burnetii. 2, 3 No human to human transmission of C. burnetti has been reported. 4 The World Organization for Animal Health (OIE) lists Q fever as notifiable animal disease and the member countries of this organization are encouraged to report the incidence of the disease in livestock. 5 In cattle, C. burnetii infection is generally asymptomatic but the infection can result in late stage abortion, stillbirths or delivery of weak offspring. 6 Nevertheless, Q fever is not considered to cause significant economic losses and consequently very little effort are made to control this infection. C. burnetii infection in cattle has been described for most countries, with New Zealand remaining an exception and the prevalence is highly variable from one country to another. For example, a herd and individual prevalence for C. burnetii antibody of 41% and 13%, respectively, has been reported in Iran. 7 A seroprevalence of less than 13% has been reported for cattle from most countries of Africa, with some exception in Western and Middle Africa where seroprevalence up to 18-55% has been reported. 8 Several Concerning Q fever in humans, current epidemiological studies indicate that this zoonosis should be considered a public health problem in many countries, including France, the United Kingdom, Italy, Spain, Germany, Israel, Greece, and Canada, as well as in many countries where Q fever is prevalent but unrecognized because of poor surveillance of the disease. 12 However, a lack of surveillance and diagnostics for Q fever limits our knowledge of the true prevalence of this disease in humans, leading to underdiagnosis and consequently mismanagement of cases by the medical physicians. In humans, C. burnetti infection causes highly variable diseases ranging from acute (often self-limited) infection to fatal chronic infection. The most frequent clinical manifestation of acute Q fever is a flu-like and self-limited illness with high and prolonged fever, severe headache, coughing and atypical pneumonia and hepatitis. 1, 4, 10, 12 Chronic Q fever occurs in less than 5% of the infected patients and may occur several months or years after the onset of the acute infection. 1, 4, 10, 12 Chronic Q fever is accompanied by symptoms such as endocarditis, vasculitis, prosthetic joint arthritis, persistent fatigue and lymphadenitis. Endocarditis and vascular infections caused by Q fever are fatal if untreated. 13 The Q fever seroprevalence in humans varies amongst countries and risk groups. Q fever is an occupational hazard for those who live and work in rural settings and those who are in contact with animals. For people working in high-risk occupations such as farmers, veterinarians and abattoir workers the seroprevalence of C. burnetii infection can range from 30% to 70%. 14 A recent metaanalysis reports a seroprevalence rate ranging from 4.7% to 91.7% amongst abattoir and slaughterhouse workers. 15 In November 2017, we organized a workshop for the diagnosis of infectious cattle diseases, with the participation of 22 veterinarians from 11 countries from Latin America. This course was financed through the United Nations University Program for Biotechnology in Latin America and the Caribbean (UNU/BIOLAC) program. 16 During this course, we investigated the health status of four dairy cattle herds searching for zoonotic and production affecting bacterial, viral and parasitic infections including Q fever. The present study aims to document the prevalence of Q fever in this setting and investigates the proportion of cattle, farm workers, and veterinary staff with evidence of exposure or infection to this zoonosis.
Material and methods Cattle
Four dairy cattle farms from owners who agreed with the study were selected at random. Two dairy cattle farms were located near Quito in a mountainous Andes region (≈3,000 meters above sea level) and two near Santo Domingo de los Tsachilas, in a tropical region in Ecuador (≈300-600 meters above sea level). All dairy farms had over 300 cows. Blood samples of 352 cows were taken by a veterinary from the tail vein in tubes without additives, and transported the same day on ice to the laboratory and processed. After coagulation of the blood, the tubes were centrifuged (2.000 g for 5 mins), and the serum was harvested and stored for a maximum of 3 days at 4°C before used in the Q fever-ELISA.
Human subjects
Thirty-two cattle farm workers and 22 course participants coming from 11 different countries, all veterinarians, were asked to collaborate and firmed an informed consent before blood was drawn from the right forearm, by a trained professional. Blood was processed in the same way as the cattle blood.
Serology of Q fever
For the diagnosis of Q fever, an indirect multi-species ELISA for the detection of one or both anti-Coxiella burnetii phase I and phase II IgG antibodies in serum was used (ID.vet, Innovative Diagnostics, Grabels, France). According to data provided by the manufacturer this ELISA has a sensitivity of 100% (CI 95%: 89.28-100%) and a specificity of 100% (CI 95%: 97.75-100%). The ELISA was performed according to the manufacturer's instructions and the manufacturer's guidelines for the interpretation of results were followed.
Statistical analysis
We performed a Chi-square test and a Fisher's exact test analysis to compare the prevalence data of Coxiella burnetii infection. In addition, we calculate 95% confidence intervals (CIs). The statistical significance was set at p<0.05. The data were analyzed using SPSS Version 22.0 for Windows.
Interviews
Cattle workers and participants, seropositive for Q fever, were interviewed and asked if they had experienced the typical symptoms and signs of acute Q fever after having contact with an aborted fetus: flu-like symptoms, lower respiratory tract symptoms, pneumonia and fever, or hepatitis-like symptoms. Chronic Q fever in the seropositive subjects was accessed using the Nijmegen Clinical Screening Instrument (NCSI), a questionnaire to measure the health status of the subject. 17 This questionnaire consists of three main domains of functional impairment, symptoms and Quality of Life, divided into eight sub-domains assessing symptoms and signs as fatigue, functional impairment, Health-Related Quality of Life and Satisfaction Relations
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Results

Serological testing of cattle and men
Interviews
Interrogation of the eleven seropositive farmer workers and the two Ecuadorian course participants revealed no acute Q fever cases but one of the seropositive veterinarians reported contact with animal abortive material approximately a year before without using special protection or precaution and subsequently a weeklong hospitalization with an atypical pneumonia approximately 3 weeks after this contact. The interviews with the other seropositive subjects did not reveal any symptoms of chronic Q fever such as long-lasting health effects like persistent fatigue, lethargy, depression or incoordination.
No further testing of the seropositive subjects for the presence of phase I and phase II antibodies was undertaken because of the lack of serodiagnostic methods for Q fever in Ecuador (see also the discussion).
Discussion
The present study demonstrates the importance of C. burnetii infection amongst cattle and humans, specially in cattle workers in Ecuador and a relatively high seropositivity was found. This is not the first report concerning Q fever in Ecuador and there are two more reports. One report is a study from 2004 with acute undifferentiated febrile illness human patients from the Ecuadorean Amazon basin. Almost 5% of these patients were seropositive for Q fever. 18 The origin of the infection with C. burnetti in these febrile patients is unknown as no extensive sheep, goats and cattle are raised in the location of the study. This surveillance study shows a clear need for improvement of our knowledge of the Q fever epidemiology as in this region of Ecuador other wildlife or tick reservoirs could be implicated. 2, 3 The second publication dates from 2015 and reports a prevalence of C. burnetii seropositivity in dairy and mixed cattle of 12.6% (CI 95%: 11.3-13.9%) with a herd prevalence of 46.9%. 19 The present report is the first report that detects the presence of antibodies against C. burnetii in a particular epidemiological setting, cattle, cattle workers and veterinaries, suggesting a possible transmission from cattle to cattle workers. Concerning a follow-up on the seropositivity in farm workers, we did not determine the presence of antibodies IgG and IgM against the phase I and phase II to define if the infection in our patients is acute or chronic. 4 ELISA methods for this determination are not registered and legalized in Ecuador and for this reason are not commercialized. Moreover, a consultation with the main public and private clinical laboratories for human and animal health in Ecuador, in Quito and Guayaquil, disclosed that there are no laboratories in the country diagnosing Q fever in humans or in animals (personal communication to JHdW) and that most of the consulted laboratories were unaware of the disease or its presence in Ecuador. Additionally, interviews conducted with the 22 participants of the course (veterinarians), showed that 95% of the course participants, all veterinaries, was unacquainted with the disease.
Our findings also call for further investigation into the clinical relevance of chronic Q fever in Ecuador. Knowledge about chronic Q fever is limited, but the studies that have been conducted showed that about 5% of the patients who got infected with C. burnetii would develop chronic Q fever. Additional serological and clinical monitoring is recommended for the patients detected in this study to determine if they have high IgG phase I antibody titers, as these patients have been shown to have the highest risk to progress to chronic Q fever. 23 
Conclusion
We conclude that Q fever is endemic in Ecuador but that reporting only has been done in research studies. More research is necessary in Ecuador to set the human risk groups, to diagnose acute and chronic Q fever and to determine the economic impact of Q fever in the cattle industry. Concerning acute Q fever, we propose the physicians in Ecuador to request testing for acute Q fever in cases of atypical pneumonia in risk groups like cattle farm workers, veterinaries and slaughterhouse workers. C. burnetii is not susceptible to the antimicrobial therapy generally used in the empirical management of febrile patients in resource-poor settings. The antibiotic choice for the treatment of C. burnetii as the etiologic agent of community acquired pneumoniae (CAP) includes doxycycline 20 and differentiating acute Q fever from other respiratory infections is not possible without serologic testing. 21 We also consider that Ecuador is not ready for an outbreak of acute Q fever as recently has happened in dairy workers in Chile, with 59 suspect cases and 3 confirmed cases in August 2017, of which 82% were livestock workers. 22 While there have been no reports of deaths in this Chile outbreak, 18 patients required hospitalization for pneumonia and three of them were connected to mechanical ventilation. The final diagnosis of the acute Q fever cases in Chile was done in the USA, as no diagnostic capacity was present at that time in this country.
Limitations of the study
A limitation of our study is that farms were selected by convenience sampling and therefore are neither representative of the entire cattle population nor the entire farm workers population in Ecuador. Another limitation is the possibility that the seropositive individuals in this study have developed 
Publish your work in this journal
Infection and Drug Resistance is an international, peer-reviewed openaccess journal that focuses on the optimal treatment of infection (bacterial, fungal and viral) and the development and institution of preventive strategies to minimize the development and spread of resistance. The journal is specifically concerned with the epidemiology of antibiotic resistance and the mechanisms of resistance development and diffusion in both hospitals and the community. The manuscript management system is completely online and includes a very quick and fair peerreview system, which is all easy to use. Visit http://www.dovepress.com/ testimonials.php to read real quotes from published authors. 
